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(57) ABSTRACT

A method and apparatus for a mobile communication termi-
nal to recognize a target mobile communication terminal
using a location recognition system. The method includes
acquiring own location information of the mobile communi-
cation terminal; creating identification verification informa-
tion using the location information, the identification verifi-
cation information containing an identification formula for
identifying the target mobile communication terminal as a
target of communication; transmitting the created identifica-
tion verification information to at least one other mobile
communication terminal within a communication coverage
area; receiving an identification response packet from the at
least one other mobile communication terminal which has
received the identification verification information, the iden-
tification response packet indicating whether the other mobile
communication terminal is a target mobile communication
terminal; and determining the target mobile communication
terminal based on the received identification response packet.

15 Claims, 9 Drawing Sheets
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FIG. 2
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FIG. 3
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FIG. 5

PROBABILITY DENSITY PROBABILITY DENSITY
FUNCTION OF (X,.Y,) FUNCTION OF (X,,Y))



U.S. Patent Jul. 7, 2015 Sheet 6 of 9 US 9,078,093 B2

FIG. 6
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FIG. 7
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APPARATUS AND METHOD FOR
RECOGNIZING TARGET MOBILE
COMMUNICATION TERMINAL

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit under 35 U.S.C. §119
(a) of Korean Patent Application Nos. 10-2011-0107034,
filed on Oct. 19, 2011, and 10-2012-0102304, filed on Sep.
14, 2012, the entire disclosures of which are incorporated
herein by references for all purposes.

BACKGROUND

1. Field

The following description relates to a technology for rec-
ognizing a target object using location information provided
from a global positioning system (GPS) or a system having
similar functions as those of the GPS, and more particularly,
to an apparatus and method for recognizing a target mobile
communication terminal, which is to be communicated with,
using a location recognition system.

2. Description of the Related Art

Global positioning systems (GPS) generally refer to loca-
tion recognition systems or devices therefor, which have been
developed by complementing U.S. navy satellite navigation
systems used for the military purpose by the U.S. Department
of Defense, so as to provide aircrafts in flight and ships at sea
with their current exact locations at any points of the earth.
Due to the advantages of GPS that enables obtaining rela-
tively accurate location information with a simple GPS
receiver, the GPS has been increasingly widely used in vari-
ous fields, not only for navigation systems for aircrafts and
ships but also for construction engineering, personal laptop
computers, and mobile phones.

However, during the transmission of signals from transmit-
ters of GPS satellites to a GPS receiver that achieves a result-
ing value from the signals, various error factors (for example,
errors in satellite clocks, satellite orbit errors, ionosphere
delay errors, convection layer errors, multi-path errors, etc.)
may be generated, which may lead to a user acquiring inac-
curate resulting location values.

Meanwhile, location information of other mobile commu-
nication terminals within a communication coverage area of a
mobile communication terminal that is willing to communi-
cate with the other mobile communication terminal may be
useful for the mobile communication terminal to identify a
target mobile communication terminal to communicate with.

The mobile communication terminal to communicate with
another mobile communication terminal may receive loca-
tion coordinate information of the other mobile communica-
tion terminals within a communication coverage area and
may use the received information. However, this method may
contradict itself because the mobile communication terminal
needs to communicate, in advance, with the other mobile
communication terminal to identify whether the other mobile
communication terminal is a target or not, and communicat-
ing with all other mobile communication terminals within the
communication coverage area may be a waste of the limited
wireless resources from a physical layer perspective, and also
may cause overhead problems from a media access control
(MAC) perspective. In addition, even when receiving the
location coordinates of the other mobile communication ter-
minals within the communication coverage area, it may be
difficult for the mobile communication terminal of interest to
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2

identify a number of location coordinates of the other mobile
communication terminals from one another.

SUMMARY

The following description relates to a method and appara-
tus for recognizing a target mobile communication terminal
to communicate with while reducing the number of
exchanges of location coordinate information between
mobile communication terminals.

In one general aspect, there is provided a method for a
mobile communication terminal to recognize a target mobile
communication terminal, the method including: acquiring
own location information of the mobile communication ter-
minal; creating identification verification information using
the location information, the identification verification infor-
mation containing an identification formula for identifying
the target mobile communication terminal as a target of com-
munication; transmitting the created identification verifica-
tion information to at least one other mobile communication
terminal within a communication coverage area; receiving an
identification response packet from the at least one other
mobile communication terminal which has received the iden-
tification verification information, the identification response
packet indicating whether the other mobile communication
terminal is a target mobile communication terminal; and
determining the target mobile communication terminal based
on the received identification response packet.

The acquiring of the location information may include
receiving the own location information of the mobile com-
munication terminal and calculating own location parameters
using the received location information, and calculating ori-
entation parameters with respect to the target mobile commu-
nication using an orientation sensor.

The calculating of the own location parameters may
include calculating an orientation angle of the target mobile
communication terminal with respect to a reference direction
that is parallel to a latitude line.

The creating of the identification verification information
may include creating the identification verification informa-
tion including an identification formula that is an equation of
a straight line connecting the mobile communication terminal
and the target mobile communication terminal.

The creating of the identification verification information
may include creating the identification verification informa-
tion further including information about accuracy of the loca-
tion parameters of the mobile communication terminal.

The receiving of the identification response packet may
include receiving the identification response packet from the
at least one other mobile communication terminal which has
received the identification verification information within the
communication coverage area wherein the identification
response packet indicates a determination which is made,
using a threshold obtained based on the information about
accuracy of the location parameters of each of the at least one
other mobile communication terminal, which has received
the identification verification information, and the informa-
tion about accuracy of the location parameters of the mobile
communication terminal, on whether or not the at least one
other mobile communication terminal is the target mobile
communication terminal.

The creating of the identification verification information
may include creating the identification verification informa-
tion further including preferred distance range information of
the mobile communication terminal.

The receiving of the identification response packet may
include receiving the identification response packet from the
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at least one other mobile communication terminal, the iden-
tification response packet indicating a determination which is
made, using the preferred distance range information, on
whether the at least one other mobile communication termi-
nal is the target mobile communication terminal.

The determining of the target mobile communication ter-
minal may include, when receiving a plurality of identifica-
tion response packets, analyzing the received identification
response packets and determining a mobile communication
terminal with a highest probability as the target mobile com-
munication terminal based on a result of analysis.

The method may further include determining whether to
further transmit and receive a packet to and from the deter-
mined target mobile communication terminal.

In another general aspect, there is provided an apparatus
for a mobile communication terminal to recognize a target
mobile communication terminal, the apparatus including: a
location sensor unit configured to measure own location
information of the mobile communication terminal; an iden-
tification verification information creation unit configured to
create identification verification information by forming an
identification formula using the location information; and an
identification unit configured to transmit the identification
verification information to at least one other mobile commu-
nication terminal within a communication coverage area and
determine whether the at least one other mobile communica-
tion terminal that transmits an identification response packet
to the identification unit in response to the identification veri-
fication information is the target mobile communication ter-
minal based on the received identification response packet.

The location sensor unit may be configured to include a
coordinate sensor unit configured to receive the own location
information of the mobile communication terminal and cal-
culate own location parameters, and an orientation sensor unit
configured to calculate orientation parameters with respect to
the target mobile communication terminal using an orienta-
tion sensor.

The identification verification information creation unit
may be configured to create the identification verification
information by forming an identification formula that is an
equation of a straight line connecting the mobile communi-
cation terminal and the target mobile communication termi-
nal using the location information.

The identification verification information creation unit
may be configured to create the identification verification
information further including information about accuracy of
location parameters of the mobile communication terminal.

The identification unit may be configured to, when receiv-
ing a plurality of identification response packets from a plu-
rality of other mobile communication terminals within the
communication coverage area, analyze the received identifi-
cation response packets and determine a mobile communica-
tion terminal with a highest probability as the target mobile
communication terminal based on a result of analysis.

Other features and aspects will be apparent from the fol-
lowing detailed description, the drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram illustrating configurations of a mobile
communication terminal and of a system allowing one mobile
communication terminal to recognize a target mobile com-
munication terminal according to an exemplary embodiment
of the present invention.

FIG. 2 is a diagram illustrating a positional relationship
among the mobile communication terminals in the system
shown in FIG. 1.
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FIG. 3 is a diagram illustrating a configuration of a location
sensor unit of a mobile communication terminal according to
an exemplary embodiment of the present invention.

FIG. 4 is a flowchart illustrating an example of a method of
a mobile communication terminal recognizing a target
mobile communication terminal according to an exemplary
embodiment of the present invention.

FIG. 5 is a diagram illustrating a probability distribution
diagram in the case of the presence of location parameter
errors in both the mobile communication terminal and the
target mobile communication terminal.

FIG. 6 is a diagram illustrating a probability distribution
diagram, an equivalent model of the diagram shown in FI1G. 5,
in the case where a mobile communication terminal does not
have a location parameter error but a target mobile commu-
nication terminal has a location parameter error.

FIG. 7 is a graph showing a probability that a distance
between a target mobile communication terminal and a
straight line represented as an identification formula is
smaller than a threshold when there are no errors in orienta-
tion parameters but errors exists in location parameters.

FIG. 8 is a diagram illustrating a probability distribution of
locations of a target mobile communication terminal and a
straight line represented as an identification formula when
errors exist in both orientation parameters and location
parameters.

FIG. 9 is a graph showing a probability that a distance
between a target mobile communication terminal and a
straight line represented as an identification formula is
smaller than a threshold when errors exists in orientation
parameters and a probability distribution of errors in location
parameters is known.

Throughout the drawings and the detailed description,
unless otherwise described, the same drawing reference
numerals will be understood to refer to the same elements,
features, and structures. The relative size and depiction of
these elements may be exaggerated for clarity, illustration,
and convenience.

DETAILED DESCRIPTION

The following description is provided to assist the reader in
gaining a comprehensive understanding of the methods,
apparatuses, and/or systems described herein. Accordingly,
various changes, modifications, and equivalents of the meth-
ods, apparatuses, and/or systems described herein will be
suggested to those of ordinary skill in the art. Also, descrip-
tions of well-known functions and constructions may be
omitted for increased clarity and conciseness.

FIG. 1 is a diagram illustrating configurations of a mobile
communication terminal and of a system allowing one mobile
communication terminal to recognize a target mobile com-
munication terminal from among a number of other mobile
communication terminals according to an exemplary
embodiment of the present invention. FIG. 2 is a diagram
illustrating a positional relationship among the mobile com-
munication terminals in the system shown in FIG. 1.

Referring to FIGS. 1 and 2, the mobile communication
terminal 100 may include a location sensor unit 110, an
identification verification information creation unit 130, and
an identification unit 150 in an effort to recognize the target
mobile communication terminal 200.

The location sensor unit 110 may receive its location infor-
mation and obtain location parameters regarding its location.
The location parameters may include the latitude or the lon-
gitude of a latitude-longitude-height system, an Earth-cen-
tered-Earth-fixed (EXEF) XYZ coordinates, or Universal
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Transverse Mercator (UTM) coordinates. In addition, the
GPS or the location recognition system similar to the GPS
may include an active badge system, an active BAT system
using ultrasonic travel time, 802.11RF scene analysis and
triangulation (RADAR), and location-based services. 5

The location sensor unit 110 may measure an orientation
parameter related to an orientation angle of the target mobile
communication terminal 200 with respect to a reference
direction using an orientation sensor. The reference direction
may be a direction parallel to the latitude line of the mobile
communication terminal 100, and the orientation parameter
may be an orientation angle 6 500 of the counter mobile
communication terminal 200 with respect to the reference
direction, which is parallel to the latitude line of the mobile
communication terminal 100. !

The identification verification information creation unit
130 may create identification verification information using
the location information in an effort to recognize the target
mobile communication terminal 200 from among a number
of other mobile communication terminals 200, 300 and 400
within a communication coverage area. For example, using
own location parameters and orientation parameter, the iden-
tification verification information creation unit 130 may con-
figure an identification formula that is an equation of a
straight line connecting the mobile communication terminal 2
100 and the target mobile communication terminal 200, and
also create the identification verification information contain-
ing information regarding the identification formula. In this
case, the identification formula may be made based on the
location coordinates of the mobile communication terminal
100 and the orientation angle 68 500 of the target mobile
communication terminal 200 with respect to the reference
direction that is parallel to the latitude line of the mobile
communication terminal 100. The identification formula may
be an equation of a straight line. In addition, the mobile 3
communication terminal 100 may include information about
its location parameters, information about the accuracy of
location parameters or information about a preferred distance
range. The information about the accuracy of location param-
eters of the mobile communication terminal 100 may be
information that can indicate the accuracy of GPS coordi-
nates such as the standard deviation of GPS measurement
errors or a GPS reception status.

The identification verification information creation unit
130 may use various methods to make an equation of a
straight line, and may derive the equation through three steps
as shown in Table 1.

—_
<

N
=3

TABLE 1
50

Step 1: The mobile communication terminal 100 obtains its location
coordinates (X, yo) from received GPS satellite signals.

Step 2: The mobile communication terminal 100 calculates an orientation
angle © 500 between the target mobile communication terminal 200

and a reference direction using the orientation sensor. The reference
direction may be parallel to the latitude line of the mobile communication
terminal 100.

Step 3: The mobile communication terminal 100 derives an equation for a
straight line connecting the mobile communication terminal 100 and the
target mobile communication terminal 200 based on the location
coordinates (X, yo) of the mobile communication terminal 100 and

the orientation angle © 500 of the target mobile communication

terminal 200 calculated in step 2.

55

60

The equation for a straight line connecting the locations of
the mobile communication terminal 100 and the target mobile
communication terminal 200 may be represented as:

cos(8)x (y-yo)=sin(@)x(x—xo) M

6

Formula 1 may also be expressed as:

sin(0)xx—cos(0)xy+(cos(0)xyy—sin(0)xx,)=0 2)

Generally, a linear equation of a straight line is expressed
as:

ax+by+c=0 (a®+b°=1)

®

When values are set for a, b, and ¢, the straight line can be
determined as being unique. Therefore, it can be appreciated
that a set of three constants (a, b, ¢) may represent the straight
line.

Formula 2 is obtained from Formula 3, where a=sin(0),
b=-cos(0) and c=(cos(0)xy,—sin(0)xx,).

In addition, (X4, y,, 0) also can be used to represent the

5 straight line. Formula 3 is provided for purpose of example

and other forms of equation of a straight line may be used.

The identification unit 150 may transfer identification veri-
fication information including the equation of a straight line
to the other mobile communication terminals 200, 300, and
400 within the communication coverage area. For example,
the identification unit 150 may send a set of three real num-
bers (a, b, ¢) that represents a straight line. The set of three real
numbers may be sent by broadcast, multicast or unicast, or
may be transmitted within a specific area using a technique
such as beamforming.

Table 2 shows examples of identification verification infor-
mation transferred by the mobile communication terminal
100.

TABLE 2
Straight Line Information a, b, c Essential Information
Own Coordinates of Terminal  (Xq, Yo) Optional
Preferred Distance Range 10 m-50 m Optional
Standard Deviation of GPS 10m Optional

Coordinates

The mobile communication terminals 200, 300, and 400
within the communication coverage area may obtain their
own location coordinates (X,, y,) from a GPS or a similar
system. In addition, the mobile communication terminals
200, 300, and 400 may confirm whether they are a target
terminal with which the mobile communication terminal 100
wishes to communicate based on the identification verifica-
tion information transferred from the mobile communication
terminal 100. The mobile communication terminals 200, 300,
and 400 may confirm whether they are a target terminal by
checking if the received identification information satisfies
Formula 4 below.

Formula 4 is obtained, as below, by substituting location
coordinates (X;, y;) of each mobile communication terminal
200, 300, and 400 into Formula 3.

ax+by4c=0

*

If the coordinates (x,, y,) are present on a straight line,
Formula 4 is satisfied, and otherwise, Formula 4 is not met.
That is, a mobile communication terminal 200 that satisfies
Formula 4, from among the mobile communication terminals
200, 300, and 400, is determined as a target mobile commu-
nication terminal.

Theoretically, the target mobile communication terminal
200 always satisfies Formula 4 since it is present on a straight
line connecting it and the mobile communication terminal
100. However, due to errors in GPS information, errors of the
orientation sensor and errors by a user, there may be a case
where Formula 4 is not satisfied even when the mobile com-
munication terminal 200 is the target terminal of the mobile
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communication terminal 100. Thus, when determining a tar-
get mobile communication terminal, it would be more pref-
erable to check whether or not a distance between the coor-
dinates (x;, y,) of a mobile communication terminal and the
straight line ax+by+c=0 is smaller than a threshold d,,, as
represented in Formula 5 below, than to check whether For-
mula 4 is satisfied or not. In this case, the reference d,,, may be
calculated using information contained in the identification
verification information, for example, a distance from the
mobile communication terminal 100, information regarding
the accuracy of location parameters of the mobile communi-
cation terminal 100, information regarding the accuracy of
location parameters of a corresponding mobile communica-
tion terminal receiving the identification verification infor-
mation, and a distribution of orientation angle measurement
errors of the mobile communication terminal 100.

distance([(x; ;) ax+by+c=0]>d,;=>Mobile communi-
cation terminal is not present on straight line

distance[(x; ;) ax+by+c=0]<d,;=>Mobile communi-
cation terminal is present on straight line

®

where a distance between coordinates (x,, y,) and a straight
line ax+by+c=0 can be obtained by Formula 6 below:

laxq+by+cl(@®+b?=1)

(6

If location coordinates of a mobile communication termi-
nal from among the mobile communication terminals 200,
300, and 400 within the communication coverage area are (X,,
y,) and a distance between the location coordinates (x,, y;) and
a straight line ax+by+c=0 is smaller than the threshold d,, , the
mobile communication terminal may transmit an identifica-
tion response packet to the identification unit 150 in response
to the identification verification information. The identifica-
tion response packet may include information about a fact
that the corresponding mobile communication terminal exists
on the straight line, a distance from the straight line to the
corresponding mobile communication terminal, an ID of the
corresponding mobile communication terminal, an estimated
distance between the mobile communication terminal 100
and the corresponding mobile communication terminal, and
device information of the corresponding mobile communica-
tion terminal. The device information of the mobile commu-
nication terminal may be, for example, capability, available
services, and preferences of the mobile communication ter-
minal.

As shown in FIG. 2, if another mobile communication
terminal 2 400 is present on the straight line connecting the
target mobile communication terminal 200 and the mobile
communication terminal 100, the preferred distance range
information contained in the identification verification infor-
mation transferred from the identification unit 150 may be
used.

For example, under the assumption that the preferred dis-
tance range included in the information transferred from the
identification unit 150 is between 10 m and 50 m, if a distance
from the target mobile communication terminal 200 to the
mobile communication terminal 100 is 40 m and a distance
from the other mobile communication terminal 2 400 to the
mobile communication terminal 100 is shorter than 10 m or
longer than 50 m, the mobile communication terminal 200
may recognize itself as the target mobile communication
terminal since its distance to the mobile communication ter-
minal 100 falls within the preferred distance range between
10 m and 50 m. In addition, the other mobile communication
terminal 2 400 is able to determine itself as not a target
terminal with which the mobile communication terminal 100
wishes to communicate since its distance to the mobile com-
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munication terminal 100 is out of the preferred distance
range. In this case, the other mobile communication terminal
2 400, which is not the target of communication, may respond
to the identification unit 150 by transmitting an identification
response packet, or may not. In the case of transmitting the
identification response packet, the types of information con-
tained in the identification response packet may not need to be
the same as the types of information included in the identifi-
cation response packet from the target mobile communica-
tion terminal 200.

In the case of another mobile communication terminal 1
300 whose distance from the straight line connecting the
mobile communication terminal 100 and the mobile commu-
nication terminal 200 is greater than the threshold d,;, and
position is out of the straight line, the mobile communication
1 300 may obtain its own location coordinates (X,, y,) from
signals received from a GPS or a similar system, receive
information from the identification unit 150 and check, based
on the received information, whether it is a target terminal
with which the mobile communication terminal 100 wishes to
communicate. The mobile communication terminal 1 300
may employ Formula 5 that uses the preferred distance range
information to check whether the mobile communication ter-
minal 1 300 is a target of communication.

However, because the distance from the mobile communi-
cation terminal 1 300 and the straight line of the identification
formula is greater than the threshold d,;,, the mobile commu-
nication terminal 1 300 has already determined itself as not a
target of communication before using the preferred distance
range information.

In this case, the mobile communication terminal 1 300
which is not a target of communication may respond to the
identification 150 by sending an identification response
packet, or may not.

In the case of transmitting the identification response
packet, the types of information contained in the identifica-
tion response packet may not need to be the same as the types
of information in the identification response packet from the
target mobile communication terminal 200.

The identification unit 150 may receive the identification
response packet in response to the transmitted identification
verification information, and determine, based on the
received identification response packet, whether to transmit
and receive further packets to and from the mobile commu-
nication terminal that has sent the identification response
packet.

For example, when intending to transmit and receive data
to or from the target mobile communication terminal 200, the
mobile communication terminal 100 may take procedures for
data communication with the target mobile communication
terminal 200. As another example, if the mobile communica-
tion terminal 100 is to simply estimate a distance to the target
mobile communication terminal 200, it may not transmit
further packets.

In addition, in response to the identification response
packet being received from the mobile communication termi-
nal 1 300 or the mobile communication terminal 2 400, the
identification unit 150 may ignore the received identification
packet.

If the identification unit 150 receives one or more identifi-
cation response packets and a result of analyzing the received
packets shows that there are one or more mobile communi-
cation terminals satisfying the communication target require-
ments, a mobile communication terminal with the highest
probability is determined as the target of communication. For
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example, the mobile communication terminal closest to the
straight line may be determined as the target of communica-
tion.

If the result of analyzing the identification response pack-
ets received by the identification unit 150 shows that there is
no communication terminal satisfying the communication
target requirements, the identification unit 150 may deter-
mine that it has failed to recognize the target of communica-
tion, or may choose a mobile communication terminal with
the highest probability from among the mobile communica-
tion terminals that have not satisfied the requirements but sent
the response.

FIG. 3 is a diagram illustrating a configuration of a location
sensor unit of a mobile communication terminal according to
an exemplary embodiment of the present invention.

As shown in FIG. 3, the location sensor unit 110 may
include a coordinate sensorunit 111 and an orientation sensor
unit 113.

The coordinate sensor unit 111 may obtain location param-
eters related to the location of the mobile communication
terminal using a GPS or a similar system. The parameters may
include the latitude, the longitude, and the coordinates of the
mobile communication terminal.

The orientation sensor unit 113 may acquire an orientation
parameter related to the orientation of the target mobile com-
munication terminal 200 with respect to a reference direction
using an orientation sensor, wherein the reference direction
may be a direction parallel to the latitude line and the orien-
tation parameter may be an orientation angle.

FIG. 4 is a flowchart illustrating an example of a method of
a mobile communication terminal recognizing a target
mobile communication terminal according to an exemplary
embodiment of the present invention.

Referring to FIG. 4 in conjunction with FIG. 1, the mobile
communication terminal 100 that wishes to communicate
with the target communication terminal 200 acquires its own
location information in 610. The location information may
include the location parameters of the mobile communication
terminal 100 and an orientation parameter related to the ori-
entation of the target mobile communication terminal 200
with respect to a reference direction. For example, the loca-
tion parameters may be obtained using a GPS or a similar
system, and the orientation parameter may be obtained using
an orientation sensor. The location parameters may be the
latitude, the longitude or the coordinates of the mobile com-
munication terminal 100. The orientation parameter may be
an orientation angle and the reference direction may be a
direction parallel to the latitude line.

Thereafter, so as to identify the target mobile communica-
tion terminal as a target of communication from among the
mobile communication terminals 200, 300, and 400 within
the communication coverage area, the mobile communica-
tion terminal 100 creates identification verification informa-
tion using the location information in 620. For example, by
using its own location parameters and orientation parameter,
the mobile communication terminal 100 may configure an
identification formula that is an equation of a straight line
connecting the mobile communication terminal 100 and the
target mobile communication terminal 200, and create the
identification verification information including a set of three
real numbers (a, b, ¢) that represents the identification for-
mula. In addition, the identification verification information
may contain coordinates (X, Y,) of the mobile communica-
tion terminal 100, preferred distance range information of the
mobile communication terminal 100, information about the
accuracy of location parameters of the mobile communica-
tion 100, and the like.
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Once the identification verification information is created,
the mobile communication terminal 100 transmits the created
identification verification information to the mobile commu-
nication terminals 200, 300, and 400 within the communica-
tion coverage area in 630. For example, the identification
verification information may be sent to all mobile communi-
cation terminals 200, 300, and 400 within the communication
coverage area by broadcast, multicast or unicast, or sent to
only some mobile communication terminals within a specific
area by a technique such as beamforming.

The mobile communication terminals 200, 300, and 400
each determines whether it is a target of communication, and
creates an identification response packet in response to the
identification verification information in 640.

For example, referring to FIG. 2, under the assumption that
the identification verification information includes the iden-
tification formula and information about the accuracy of the
location parameters and the preferred distance range infor-
mation of the mobile communication terminal 100, the target
mobile communication terminal 200 determines a reference
d,, based on the received information about the location
parameters of the mobile communication terminal 100, the
information about the accuracy of location parameters
thereof, a distance to the mobile communication terminal
100, and the distribution of the orientation angle measure-
ment errors, and compares a distance from its location to the
straight line as the identification formula to the reference d,,,.
Since the distance from the mobile communication terminal
200 to the straight line as the identification formula is smaller
than the threshold d,;, and the mobile communication terminal
200 is located within the preferred distance range of the
mobile communication terminal 100, the mobile communi-
cation terminal 200 determines itself as a target of commu-
nication, and, in response, creates the identification response
packet. The identification response packet of the mobile com-
munication terminal 200 may include the information indi-
cating the presence of the mobile communication terminal
200 on the straight line, a distance from the straight line, an ID
of the mobile communication terminal 200, an estimated
distance from the target mobile communication terminal 200
to the mobile communication terminal 100 and device infor-
mation of the target mobile communication terminal 200. The
device information of the mobile communication terminal
may include capability, available services and preference of
the mobile communication terminal.

For example, referring to FIG. 2, the mobile communica-
tion terminal 1 300 may determine itself as not a target mobile
communication terminal because the distance to the straight
line is greater than the threshold d,, that has been specified
based on information about the accuracy of location param-
eters of the mobile communication terminal 1 300. In this
case, the mobile communication terminal 1 300 may create
the identification response packet, or may not. Even when the
mobile communication terminal 1 300 creates the identifica-
tion response packet, the types of information contained in
the identification response packet may not need to be the same
as the types of information contained in the identification
response packet from the target mobile communication ter-
minal 200.

For another example, referring to FIG. 2, the mobile com-
munication terminal 2 400 may determine itself as not a target
mobile communication terminal because even though a dis-
tance to the straight line is smaller than a threshold d,, thathas
been specified based on information about the accuracy of
location parameters of the mobile communication terminal 2
400 the mobile communication terminal 2 400 is located out
of' the preferred distance range of the mobile communication
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terminal 100. In this case, the mobile communication termi-
nal 2400 may create an identification response packet, or may
not. Even when the mobile communication terminal 2 400
creates the identification response packet, the types of infor-
mation contained in the identification response packet may
not need to be the same as the types of information contained
in the identification response packet from the target mobile
communication terminal 200.

Thereafter, in response to the identification response
packet being received, the mobile communication terminal
100 determines the mobile communication terminal 200 as a
target of communication in 650. In the above examples, only
the mobile communication terminal 200 is determined as the
target of communication. Unlike the above examples, if there
are two or more mobile communication terminals being
determined as a target of communication among the mobile
communication terminals within the communication cover-
age area of the mobile communication terminal 100 and thus
the mobile communication terminal 100 receives two or is
more identification response packets, the mobile communi-
cation terminal 100 determines a mobile communication ter-
minal with the highest probability as the target of communi-
cation. For example, a mobile communication terminal
closest to the straight line may be determined as a target
mobile communication terminal.

In addition, if a result of analyzing the identification
response packets received by the identification unit 150
shows that there is no communication terminal satisfying the
communication target requirements, the identification unit
150 may determine that it has failed to recognize the target of
communication, or may choose a mobile communication ter-
minal with the highest probability from among the mobile
communication terminals that have not satisfied the require-
ments but sent the response.

Moreover, the mobile communication terminal 100 may
receive the identification response packet and determine
whether to transmit and receive further packets to and from
the mobile communication terminal which has sent the iden-
tification response packet. For example, when intending to
transmit and receive data to and from the target mobile com-
munication terminal 200, the mobile communication termi-
nal 100 may take procedures for data communication with the
target mobile communication terminal 200, or if the mobile
communication terminal 100 is to simply estimate a distance
to the target mobile communication terminal 200, it may not
transmit further packets. The mobile communication terminal
100 may ignore identification response packets from the
mobile communication terminals 300 and 400 other than the
target mobile communication terminal 200.

FIGS. 5 to 9 are diagrams for explaining how to calculate
the threshold d,;, in Formula 5. To this end, a case where errors
are present only in location parameters and no errors are
present in orientation parameters will be described first, and
then by using the result of this case, a case where errors are
present in both the location parameters and the orientation
parameters.

FIG. 5 is a diagram illustrating a probability distribution
diagram in the case of the presence of location parameter
errors in both the mobile communication terminal and the
target mobile communication terminal.

As shown in FIG. 5, in the case where there are errors in
coordinates measured by a GPS or a similar system, elements
in (X,, Y,) denote random variables representing coordinates
of the mobile communication terminal 100, which include
location measurement errors and can be mathematically mod-
eled as random variables.
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A circle around (X, ¥,) depicted by a gray scale represents
a probability density function of random variables (X, Y,),
where a darker gray represents a higher probability density
and a brighter gray represents a lower probability density. The
probability distributions of X, and Y, may be determined by
the environment and performance of a GPS in use. For expla-
nation, it is assumed Formulas 7 to 10 given as shown below
are satisfied, buteven if the probability distributions of X, and
Y, do not conform with the given Formulas 7 to 10, the
principle of the exemplary embodiment of the present inven-
tion can still be applicable.

KXo~ ('x050x02) @)

YoM (yO50y02) (®)

0=0,

)C’J:

o, ©)]

Yo

X, Y, (10),

where a notation N(m, o*) represents Gaussian distribution
wherein m is an average and o is a variance and repre-
sents that two random variables are independent of each
other,

E{Xo}=x, amn

var{Xo}=yo 12)

var{X,}=0, ’ 13)

var{Y,}=0,, 14)

Each element in (X, Y,) represents random variables that
represent coordinates of the target mobile communication
terminal 200. The example described herein assumes that X,
and Y, have probability distributions as represented by for-
mulas 15 to 18.

X:NE,0,7) (15)

YiNyL,0,0) (16)

0=0,,=0,, 17)

X, Iy, (18)

Additionally, it is assumed Formulas 19 and 20 given as
below are satisfied:

Xo Yo (X, 1)) (19)

0,=0} (20)

The above formulas indicate that the coordinate error of the
mobile communication terminal 100 and the coordinate error
of the target mobile communication terminal 200 are inde-
pendent of each other (Formula 19), and that a sensor perfor-
mance of a GPS or a similar system of the mobile communi-
cation terminal 100 is the same as a performance of a GPS
sensor of the target mobile communication terminal (Formula
20). Using location coordinates (X,, Y,) of the mobile com-
munication terminal 100 and an angle 6 of a straight line
connecting the mobile communication terminal 100 and the
target mobile communication terminal 200 with respect to the
reference direction, an equation of the straight line may be

obtained as Formula 21 below.
ax+by+Cy=0 (21)

where a, b, and C, may be represented, respectively, as:

a=sin(0) (22)
b=cos(0) (23)
Co=-bYy-aX, 24)
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In this example assuming that there is no error in the
orientation sensor and the coordinates (X, Y,)) of the mobile
communication terminal 100 are probability variables con-
taining errors, a and b may be constants and C, may be a
random variable. Since X, and Y, are randon variables having
Gaussian distributions, C, in Formula 24 is a random variable
as C, in Formula 25.

CoN(=byoaxob°0, > +a> 0, *)=N(=byo—ax,05°) (25)

The target mobile communication terminal 200 that has
received (a, b, C,) from the mobile communication terminal
100 may obtain its distance to the straight line as shown in
Formula 26 using Formula 6.

laX +b Y +C| (26)

When “aX,+bY,” is substituted by C, in Formula 26, C,
may be represented as a random variable having Gaussian
distribution as represented by Formula 27.

Cl~N((ax=by,,a°c, *+b°0, *)=N(ax,-by,,6,%) 27)

By substituting C, foraX,+bY, in Formula 26, Formula 28
may be obtained as blow.

ICo+C | (28)

When it is defined that C=C+C,, because E{C,+C,}=0
and (X,, Y,) and (X,,Y,) are independent of each other, C,
and C, are also independent of each other. Thus, the random
variable C has a Gaussian distribution with a mean of 0 and a
variance of 0,°+0,>=207,.

That is, C=Cy+C,~N(0,20,2) (Formula 29).

Thus, in the case of the orientation sensor having no errors,
a probability that a distance between the straight line (a, b, C,)
and the target mobile communication terminal 200 is smaller
than a threshold d,;,, may be represented as:

Pri{distance{(X, Y1), ax+ by + Co = 0} < dy,} = (30)

1 j‘drh ( 7 ]
_ exp| ———— |dt
Jorod) S\ 2200

In Formula 30, it is assumed that o,=0, (Formula 20), and
in the case where 0,=0, is not satisfied, a variance value of C
becomes o,2+0,2, instead of 20,%(=20,%), and thus if For-
mula 30 substitutes o,>+0,> for 20,2, it is possible to use
Formula 30 intact.

FIG. 6 is a diagram illustrating a probability distribution
diagram in the case where a mobile communication terminal
does not have a location parameter error but a target mobile
communication terminal has a location parameter error. The
probability distribution diagram shown in FIG. 6 is a distri-
bution model that is mathematically equivalent to the distri-
bution model shown in FIG. 5.

Itis assumed that a variance value of measurement errors of
the mobile communication terminal 200 shown in FIG. 6 is
the same as the sum of the variance value of the measurement
errors of the mobile communication terminal 100 shown in
FIG. 5 and the variance value of the measurement errors of the
target mobile communication terminal 200 shown in FIG. 5.
Hence, it may be appreciated that in the case of the presence
of the location parameter errors, the two models shown in
FIGS. 5 and 6 are mathematically equivalent to each other in
terms of calculating a distance from the target mobile com-
munication terminal 200 to the straight line of an identifica-
tion formula. Hereinafter, for convenience of explanation, the
equivalent mode shown in FI1G. 6 will be used for description.
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As shown in FIG. 6, where there are no errors in coordi-
nates of the mobile communication terminal 100, coordinates
of'the target mobile communication terminal 200 are given as
random variables (X,',Y,") and probability functions of X,'
and Y,' are given as Gaussian distributions represented as
Formulas 31 to 34 as below:

X ~N@&1,20,7) (€29
Y ~N(y1,20,7) (32
0=0,,=0,, (33)
XUy (34)

In this case, a distance between the straight line (a, b, c,)
and the coordinates (X', Y,") of the target mobile communi-
cation terminal 200 may be calculated as Formula 35 below.

distance{ (X" Y,"),ax+by+co=0}=lco+C"| (35),
where

a=sin(6) (36)
b=cos(0) (37
co=—byo—ax, (38)
C'~N((ax +by;,20,%) (39)
Co+C~N(0,202) (40)

Hence, in a case where there is no error in the orientation
sensor, a probability that the distance between the straight line
(a, b, ¢,) and the coordinates (X', Y,") of the target mobile
communication terminal 200 is smaller than a threshold d,,,
has the same value as Formula 30, as represented by Formula
41.

Pr{distance{(X[, Y]), ax+ by + co = 0} < dy} = (4D

1 j‘drh ( 7 ]
exp| — - |dt
N 27(20?) Vi 2201

FIG. 7 is a graph showing a probability that a distance
between a target mobile communication terminal and a
straight line represented as an identification formula is
smaller than a threshold when there are no errors in orienta-
tion parameters but errors exists in location parameters. That
is, the graph shown in FIG. 7 plots Formula 41.

Referring to FIG. 7, the area of a shaded section indicates
a probability that the distance between the target mobile
communication terminal 200 and the straight line (ax+by+
¢,=0) is smaller than the threshold d,, when there are no errors
in the orientation parameters.

FIG. 8 is a diagram illustrating a probability distribution of
locations of a target mobile communication terminal and a
straight line represented as an identification formula when
errors exist in both orientation parameters and location
parameters.

Referring to FIG. 8, there is an error of A8 in an orientation
angle of a mobile communication terminal 100, and when
AB6=0, the equation of the straight line obtained by the mobile
communication terminal 100 passes through mean coordi-
nates (X,, y,) of coordinates of the target mobile communi-
cation terminal 200. However, when A6=0, the straight line
may not pass through the coordinates (x;, y,). When A8=0,
the distance from the target mobile communication terminal
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200 to the straight line obtained by the target mobile commu-
nication terminal 200 may be expressed as Formula 42. In this
case, it is assumed that the coordinates of the target mobile
communication are given as random variables (X,',Y,".

laX | +bY| +col(AB=0) (42),

where the random variable C'=aX,'+bY,"+c, has a Gaussian
distribution with a mean of ax,+by,+c, and a variance of
20,2 That s,

C'=aX, +bY, +cg-N((ax +by, +c0,207%) 43)

The mean of the random variable C' may be the same as a
distance between the straight line ax+by+c,=0 and the coor-
dinates (x,,y,). However, when (x,,y,) isamean of (X,",Y,")
and A0=0, the distance between the straight line ax+by+c,=0
and the coordinates (X, y,) is r sin(A8), and thus Formula 43
may be represented as Formula 44.

C'=aX,"+b¥, "+co~N(r sin(A6),26,%) (44)

Therefore, when random errors exist in GPS coordinates
and an orientation sensor has an error of A, a probability that
the distance between the straight line ax+by+c,=0 and the
coordinates of the target mobile communication terminal 200
is smaller than the threshold d , may be expressed as Formula
45 and Formula 46.

Pridistance{(X[, ¥{), ax + by + ¢y = 0} < dy} = PH|C'| < dy} (45)

1 j‘drh ( (t—rsin(AO))z]
=— expl ———————|di
Jor@e) Y 200D

FIG. 9 is a graph showing a probability that a distance
between a target mobile communication terminal and a
straight line represented as an identification formula is
smaller than a threshold when errors exists in orientation
parameters and a probability distribution of errors in location
parameters is known. That is, the graph shown in FIG. 9 plots
Formula 46.

Referring to FIG. 9, the area of a shaded section indicates
aprobability of IC'|<d,,. Generally, the orientation angle error
may be a random variable with a probability distribution.
Where the random variable representing the orientation angle
error is given as AB and A8 is a Gaussian random variable with
zero mean and a variance of o2, a probability that the dis-
tance between the straight line ax+by+c,=0 and the coordi-
nates of the target mobile communication terminal 200 is
smaller than the threshold d,;, may be expressed as Formula
47.

(46)

Pr{distance<d;}=f_o.“pae(8)_y, "D 1146(116)did0

where p,o(0) is a probability density function of AO. Where T
is a random variable that represents a distance between the
straight line and (X1', Y1'), p540(tl0) is a conditional prob-
ability density function of T when AB=0 is given. p,g(0) may
be represented as Formula 48 and p;,,6(t10) may be repre-
sented as Formula 49.

02
exp(— T.—g]

( (t—rsin(@))z]
exp| —

(47),

(48)

Pas(0) =
2ra})

49

prias(t|0) =
TIAg \/Zﬂ(zo—%)) 200
The statistical properties of the errors in an orientation
sensor may be obtained from a manufacturer of the sensor.
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However, the orientation angle error p,g(0) in Formula 48
may include errors by a user of the mobile communication
terminal 100 as well as the errors in the orientation sensor.
Thus, for more accurate calculation, p,o(6) may be obtained
from measurement data of the orientation angle along with
information regarding the orientation sensor errors provided
by the orientation sensor manufacturer.

0,2 Formula 49 may be obtained from a manufacturer of a
GPS sensor.

By using the statistical properties of the errors defined in
Formulas 48 and 49, d,,, can be calculated from Formula 47.
The greater value is set for Pr{distance<d,,}, the greater a
value of d,;, is, and on the contrary, the smaller value is set for
Pr{distance<d,, }, the smaller a value of d,,, is.

Meanwhile, d,, may be affected not only by a value of
Pr{distance<d,,} but also by r, that is, a distance between the
mobile communication terminal 100 and the target mobile
communication terminal 200. As r increases, d,;, may also
increase with respect to the same Pr{distance<d,,}, and as r
reduces, d,, may also be reduced. It may be more advanta-
geous to use a different threshold d,;, depending on r than to
use a single threshold d,;,. When r is small, d,;, may change
more sensitively to o, than to o,? and on the contrary, when
ris large, d,, may change more sensitively to o, than to o, .

The distance between the mobile communication terminal
100 and the target mobile communication terminal 200 may
be not an actual constant but a random variable. Under the
assumption that R is a random variable representing a dis-
tance between the mobile communication terminal and the
target mobile communication terminal 200, R has a noncen-
tral chi distribution with 2 degree of freedom which may be
taken into account for more accurate calculation. In consid-
eration of a probability density function of R, Formula 47
may be rearranged as Formula 50.

Pr{distance<d,,}=
ffwwfoprB(e)pR(r)J‘«dthdthpt\AB(l‘el ¥)didrd®

where pg(r) is a probability density function of R and p;e
(t10,r) is a conditional probability density function of T when
A6=0 and R=r are given.

A number of examples have been described above. Never-
theless, it will be understood that various modifications may
be made. For example, suitable results may be achieved if the
described techniques are performed in a different order and/or
if components in a described system, architecture, device, or
circuit are combined in a different manner and/or replaced or
supplemented by other components or their equivalents.
Accordingly, other implementations are within the scope of
the following claims.

(50,

What is claimed is:

1. A method for a mobile communication terminal to rec-
ognize a target mobile communication terminal, the method
comprising:

acquiring own location information of the mobile commu-

nication terminal;
creating identification verification information using the
location information, the identification verification
information containing an identification formula for
identifying the target mobile communication terminal as
a target of communication;

transmitting the created identification verification infor-
mation to at least one other mobile communication ter-
minal within a communication coverage area;

receiving an identification response packet from the at least
one other mobile communication terminal which has
received the identification verification information, the
identification response packet indicating whether the
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other mobile communication terminal is a target mobile
communication terminal; and
determining the target mobile communication terminal
based on the received identification response packet,

wherein the at least one other mobile communication ter-
minal executes the identification formula by using own
location information of the at least one other mobile
communication terminal to determine whether the at
least one other mobile communication terminal is the
target mobile communication terminal.

2. The method of claim 1, wherein the acquiring of the
location information comprises receiving the own location
information of the mobile communication terminal and cal-
culating own location parameters using the received location
information, and calculating orientation parameters with
respect to the target mobile communication using an orienta-
tion sensor.

3. The method of claim 2, wherein the calculating of the
own location parameters comprises calculating an orientation
angle of the target mobile communication terminal with
respect to a reference direction that is parallel to a latitude
line.

4. The method of claim 1, wherein the creating of the
identification verification information comprises creating the
identification verification information including an identifi-
cation formula that is an equation of a straight line connecting
the mobile communication terminal and the target mobile
communication terminal.

5. The method of claim 1, wherein the creating of the
identification verification information comprises creating the
identification verification information further including
information about accuracy of the location parameters of the
mobile communication terminal.

6. The method of claim 5, wherein the receiving of the
identification response packet comprises receiving the iden-
tification response packet from the at least one other mobile
communication terminal which has received the identifica-
tion verification information within the communication cov-
erage area wherein the identification response packet indi-
cates a determination which is made, using a threshold
obtained based on the information about accuracy of the
location parameters of each of the at least one other mobile
communication terminal, which has received the identifica-
tion verification information, and the information about accu-
racy of the location parameters of the mobile communication
terminal, on whether or not the at least one other mobile
communication terminal is the target mobile communication
terminal.

7. The method of claim 1, wherein the creating of the
identification verification information comprises creating the
identification verification information further including pre-
ferred distance range information of the mobile communica-
tion terminal.

8. The method of claim 7, wherein the receiving of the
identification response packet comprises receiving the iden-
tification response packet from the at least one other mobile
communication terminal, the identification response packet
indicating a determination which is made, using the preferred
distance range information, on whether the at least one other
mobile communication terminal is the target mobile commu-
nication terminal.

9. The method of claim 1, wherein the determining of the
target mobile communication terminal comprises, when
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receiving a plurality of identification response packets, ana-
lyzing the received identification response packets and deter-
mining a mobile communication terminal with a highest
probability as the target mobile communication terminal
based on a result of analysis.

10. The method of claim 1, further comprising:

determining whether to further transmit and receive a

packet to and from the determined target mobile com-
munication terminal.

11. An apparatus for a mobile communication terminal to
recognize a target mobile communication terminal, wherein
the apparatus is executed in the mobile communication ter-
minal, comprising:

a location sensor unit configured to measure own location

information of the mobile communication terminal;

an identification verification information creation unit con-

figured to create identification verification information
by forming an identification formula using the location
information; and

an identification unit configured to transmit the identifica-

tion verification information to at least one other mobile
communication terminal within a communication cov-
erage area and determine whether the at least one other
mobile communication terminal that transmits an iden-
tification response packet to the identification unit in
response to the identification verification information is
the target mobile communication terminal based on the
received identification response packet,

wherein the at least one other mobile communication ter-

minal executes the identification formula by using own
location information of the at least one other mobile
communication terminal to determine whether the at
least one other mobile communication terminal is the
target mobile communication terminal.

12. The apparatus of claim 11, wherein the location sensor
unit is configured to comprise

a coordinate sensor unit configured to receive the own

location information of the mobile communication ter-
minal and calculate own location parameters, and

an orientation sensor unit configured to calculate orienta-

tion parameters with respect to the target mobile com-
munication terminal using an orientation sensor.

13. The apparatus of claim 11, wherein the identification
verification information creation unit is configured to create
the identification verification information by forming an
identification formula that is an equation of a straight line
connecting the mobile communication terminal and the target
mobile communication terminal using the location informa-
tion.

14. The apparatus of claim 11, wherein the identification
verification information creation unit is configured to create
the identification verification information further including
information about accuracy of location parameters of the
mobile communication terminal.

15. The apparatus of claim 11, wherein the identification
unit is configured to, when receiving a plurality of identifica-
tion response packets from a plurality of other mobile com-
munication terminals within the communication coverage
area, analyze the received identification response packets and
determine a mobile communication terminal with a highest
probability as the target mobile communication terminal
based on a result of analysis.
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